###### Strengths and limitations of this study

-   This study will be the first Bayesian network meta-analysis (NMA) that evaluates the comparative effects of multiple anticoagulation regimens in patients during pregnancy with mechanical heart valves.

-   This study will include both experimental studies and observational studies in this study to strengthen the statistical power.

-   This study will use the Grade of Recommendations Assessment, Development and Evaluation system to assess the quality of included studies.

-   Most of the observational studies in this study will be retrospective studies, which will increase the risk of inferior quality of the results.

-   The number of included studies may be relatively small which will reduce the ability to explore heterogeneity, conduct meta regression and even perform NMA.

Introduction {#s1}
============

Although mechanical heart valves (MHVs) have excellent durability and haemodynamic profiles, they are thrombogenic, and the patients with a MHV require lifelong anticoagulation to prevent thromboembolic complications.[@R1] Moreover, normal pregnancy is accompanied by changes in haemostasis that produce a hypercoagulable state.[@R3] As a result, pregnancy in a woman with a MHV is associated with high maternal complications (eg, thromboembolic complications, heart failure, arrhythmias and bleeding, etc) and fetal complications (eg, fetal wastage, preterm birth, low birth weight and teratogenicity, etc).[@R4] Furthermore, the incidence and prevalence of cardiothoracic disease continue to increase globally.[@R6] It means that a large number of MHVs have been developed and are implanted worldwide, many in women of childbearing age.[@R7] Cardiac disease, for example, previous valve replacement because of rheumatic heart disease, is emerging as the most important indirect cause of maternal death globally.[@R8]

Although women cannot alter the physiological changes that occur naturally during pregnancy, anticoagulation treatments serve to decrease their venous clotting risk.[@R10] In recent guidelines, vitamin K antagonists (VKA), heparin (including low-molecular-weight heparin (LMWH) and unfractionated heparin (UFH)) and sequential treatments are recommended to take into the anticoagulation regimens during pregnancy in patients with MHVs.[@R11] However, the use of VKA such as warfarin during pregnancy carries the potential for serious risks of fetal embryopathy.[@R13] Neither UFH nor LMWH crosses the placenta, and therefore, are considered safe for mother and fetus, but in the previous literature,[@R15] some circumstances included the presence of heparin resistance and heparin allergy manifesting limited their use; moreover, heparin (specifically UFH) was associated with an increased thrombotic risk. Sequential treatments refer to the use of VKAs in the second and third trimesters and heparin in the first trimester and also in the peripartum period, to mitigate the VKA-related risks previously alluded to.[@R16] Although the use of this regimen could avoid the risk of warfarin embryopathy and would minimise the time off VKAs and perhaps be associated with a more favourable maternal risk profile, it would not prevent the fetal bleeding complications.[@R16] The evidence related to the safety of new oral anticoagulant (NOACs) in pregnant women and in those planning pregnancy is scarce; therefore, NOACs currently have no place during pregnancy.[@R17]

Several regimens have been recommended and advised by different guidelines; however, recently study does not suggest that one regimen is definitively superior.[@R19] Thus, the evidence for the anticoagulation regimens comparisons during pregnancy in patients with MHVs consists of direct head-to-head comparisons of treatments in randomised controlled trials (RCTs) and observational studies. Although, several meta-analyses related to this research topic have been published previously, all of them are traditional pairwise meta-analyses, which included some obvious limitations that need to be urgently improved.[@R13] First, synthesising evidence using the traditional pairwise meta-analyses would not allow for the inclusion of data from treatments (eg, the comparations of different sequential treatments) that have not been compared head-to-head in Xu *et al.*'s, D\'Souza *et al.*'s, Steinberg *et al.*'s and Chan *et al*'s studies.[@R13] The results from indirect combined with direct evidence using network meta-analysis (NMA) allows for simultaneous consideration of the relative effectiveness and safety of all available anticoagulation treatments.[@R23] Furthermore, an NMA can estimate the rank of these treatments.[@R23]Second, some high-quality and latest studies (one RCT[@R25] and nine observational studies)[@R26] in recent years were not included in these studies, which reduced trustworthiness and statistical power of these studies. Finally, some subgroups of anticoagulation treatments (eg, different VKAs and heparin doses, different combinations of sequential treatments, and type, location and number of MHVs, etc) were not considered in these studies, which led to the lack of results of effectiveness and safety by comparing these subgroups. These research gaps pose a urgently practical challenge to clinicians for choosing a suitable anticoagulation regimen because a direct comparison is rarely seen or not available for many anticoagulation regimens. Therefore, to address the challenge of clinicians to determine which anticoagulation regimen is more effective and safer during pregnancy in patients with MHVs, a Bayesian NMA is necessary.

Objective {#s2}
=========

The objectives of this study are to synthesise the available evidence on anticoagulation regimens during pregnancy in patients with MHVs, to estimate the treatment effects among direct and indirect treatment comparisons, and to determine which anticoagulation regimen is more effective and safer using a Bayesian NMA.

Methods and design {#s3}
==================

Design {#s3-1}
------

This protocol has been reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Protocols[@R35] (see [online supplementary file 1](#SP1){ref-type="supplementary-material"}). The study will be conducted and reported according to PRISMA Extension for NMAs of healthcare interventions guidelines.[@R37] The Bayesian NMA will be used in this study.
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Patient and public involvement {#s3-2}
------------------------------

No patients or the public were involved in this study. However, the results will be disseminated to patients during the pregnancy with MHVs receiving anticoagulation treatment.

Information source and search strategy {#s3-3}
--------------------------------------

PubMed \<to 3 April 2019\>, Embase \<to 3 April 2019 \>, SinoMed \<to April 2019\> and the using the OVID interface, to search for evidence-based medicine reviews: Cochrane Database of Systematic Reviews \<2005 to 27 March 2019\>, ACP Journal Club\<1991 to March 2019\>, Database of Abstracts of Reviews of Effects\<1 st Quarter 2016\>, Cochrane Clinical Answers \<March 2019\>, Cochrane Central Register of Controlled Trials \<March 2019\>, Cochrane Methodology Register\<3 rd Quarter 2012\>, Health Technology Assessment\<4 th Quarter 2016\> and NHS Economic Evaluation Database \<1 st Quarter 2016\>. Clinical trial registries (such as [www.ClinicalTrials.gov](www.ClinicalTrials.gov)) were also searched for unpublished trials.

In addition, references of included studies and narrative reviews were considered for additional potential studies. No limitations will be imposed on publication status, language of dissemination, duration of study follow-up or period of study conduct. The search strategy is shown in [online supplementary file 2](#SP2){ref-type="supplementary-material"}.
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Eligibility criteria {#s3-4}
--------------------

### Types of participants {#s3-4-1}

This study will include pregnant patients (conception to 6 months postpregnancy regardless of the outcome of pregnancy) who require long-term anticoagulation with MHVs. Non-pregnant patients and pregnant patients with bioprosthetic valves not requiring anticoagulation will not be included.

### Types of interventions {#s3-4-2}

This study will include studies comparing at least two different interventions among the following interventions: (1) dose-adjusted VKA throughout pregnancy, (2) dose-adjusted LMWH throughout pregnancy, (3) dose-adjusted UFH throughout pregnancy, (4) dose-adjusted LMWH for the first trimester, followed by a VKA for the remainder (LMWH and VKA), (5) dose-adjusted UFH for the first trimester, followed by a VKA for the remainder (UFH and VKA) and (6) other antagonists or placebo, including acetylsalicylic acid, NOACs, fondaparinux and argatroban.

### Type of outcomes {#s3-4-3}

The primary outcomes of interest will be the frequencies of serious maternal and fetal events. Maternal events of interest will include all thromboembolic complications including valve thrombosis, major bleeding and maternal death. Fetal outcomes will include live births, anticoagulant-related fetal adverse events (including warfarin embryopathy, neurological sequelae related to VKA, other congenital abnormalities) and fetal wastage (including spontaneous abortions (fetal loss \<20 weeks), therapeutic abortions, stillbirths (fetal loss \>20 weeks), fetal loss (where definitions of miscarriage/stillbirth are uncertain) and neonatal death (death within the first 28 days of life)). The additional outcomes of interest will be adverse maternal events, mode of delivery and adverse fetal events. Maternal adverse events will include cardiac events including new maternal arrhythmia, infective endocarditis, valve deterioration, myocardial infarction, pregnancy hypertension, heart failure and other adverse drug effects from anticoagulation. Mode of delivery will be either caesarean section or vaginal birth. Adverse fetal events will include prematurity, small for gestational age infants, preterm births under 37 weeks and infant admission to neonatal intensive care unit. The types of outcomes were chosen referred to previous investigation.[@R13]

### Types of studies {#s3-4-4}

We will include experimental studies (RCTs) and observational studies (cohort studies, case--control studies and case series studies).

Study selection {#s3-5}
---------------

To assess study eligibility, all title/abstracts and full-text articles will be independently screened by two reviewers (SH and YZ) and disagreements will be resolved by a third reviewer (JL). If necessary, methodological experts will be consulted to reach consensus. Eligible articles will be selected according to inclusion criteria. If studies have duplicate data, only the study with larger sample size and longer follow-up time will be included.

Data extraction {#s3-6}
---------------

Data will be extracted by three reviewers (SH, JL and YZ) based on an extraction form, independently and in duplicate, using Excel software regarding: (1) study information (author, publication year, sample size, duration of study, etc), (2) participant characteristics (age; type, location and number of MHVs; time since valve repair; The New York Heart Association class and cardiac status at the onset of pregnancy; medical and obstetric comorbidities; details of labour and delivery, etc), (3) intervention characteristics (details of the anticoagulation regimens including the name of anticoagulants, duration of treatment, rate of compliance with treatment, details on adjustment of anticoagulation and route of administration, etc), (4) reported outcomes (outcome data for the main outcomes and additional outcomes of interest). The types of data were chosen referred to previous investigation.[@R13] Missing data will be requested from study authors. Discrepancies will be resolved by consensus and when necessary, consultation with an expert on the investigative team.

Risk of bias (quality) assessment {#s3-7}
---------------------------------

The risk of bias of the included studies will be assessed using the Cochrane risk of bias tool and Newcastle-Ottawa scale for randomised controlled trials and observational studies, respectively.[@R38] Two reviewers (SH and YZ) will conduct quality assessment independently and any disagreement will be solved by discussion with another author (JL).

Data synthesis {#s3-8}
--------------

When quantitative analysis cannot be conducted, we will narratively describe the results. If quantitative analysis is feasible, all of the following statistical analyses will be conducted using R (V.3.4.4, R Foundation for Statistical Computing, Vienna, Austria) and Stata (V.14, StataCorp). And, the binary outcomes will be presented as ORs with 95% CIs.

### Direct comparisons of interventions {#s3-8-1}

All the direct comparisons will be performed using the DerSimonian-Laird method and random effects model.[@R40] Q-test and I-squared statistic will be used to assess heterogeneity levels, as a measure of the proportion of the overall variation that is attributable to between study heterogeneity.[@R41]

### Indirect and mixed comparisons of interventions {#s3-8-2}

A random-effects NMA within a Bayesian framework will then be applied.[@R42] Interactions among all included studies will be shown in the network geometry, and the contribution plot for the network will show the contributions of direct comparisons.[@R44] We will estimate the ranking probabilities at each possible rank for each anticoagulation regimen using the surface under the cumulative ranking curve.[@R45]

### Assessment of inconsistency {#s3-8-3}

To check the assumption of consistency in the entire analytical network, a design-by-treatment approach will be used.[@R46] A loop-specific approach will be applied to evaluate the presence of inconsistency locally in each closed loop.[@R47] And, the node-splitting method will be used to assess the inconsistency of the model by separating evidence on particular comparisons into direct and indirect evidence.[@R48]

### Subgroup analysis and sensitivity analysis {#s3-8-4}

If there are sufficient data, we will assess whether the results have been impacted by study characteristics, subgroup analyses may be conducted according to age group, sample size, quality of study, duration of treatment and timing of medication usage in pregnancy. And, a sensitivity analysis will also be conducted to validate the robustness of the results by excluding each study.

### Publication bias {#s3-8-5}

Publication bias will be assessed by visually examining the comparison-adjusted funnel plot asymmetry and Egger's regression test in the results between small and large studies.[@R49]

Quality of evidence {#s3-9}
-------------------

We will use the Grade of Recommendation Assessment, Development and Evaluation (GRADE) approach to appraise the quality of direct and indirect evidence.[@R50]

Discussion {#s4}
==========

This study will first determine which anticoagulation regimen during pregnancy in patients with MHVs is more effective and safer using a Bayesian NMA. We expect that our findings will inform clinicians, patients and guideline developers the best available evidence on the efficacy and safety of different anticoagulation regimens during pregnancy in patients with MHVs, which will help both clinical practice and study design in the future. We will include both experimental studies and observational studies in this study to strengthen the statistical power, because the number of related experimental studies, such as RCTs, is still small. Moreover, we will use GRADE to assess the quality of included studies. However, most of the observational studies will be retrospective studies in our study, inclusion of those studies will increase the risk of inferior quality of the results. Furthermore, different types of study will generate potentially heterogeneity which may influence the results of this study.

Ethics and dissemination {#s5}
========================

Publication plan {#s5-1}
----------------

This protocol has been successfully registered on PROSPERO. The final results of this study will be published in a peer-reviewed journal.
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